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A definition of the term "life", if understood as one element in a supposed class of extraterrestrial and prebiological phenomena, is shown to be logically impossible because life is the sole known element of that class. Instead, the properties of the class of "bioids", defined as the class of "open systems which can exist in several steady states" (DECKER and SPEIDEL, Chemiedozententagung, Hamburg 1968; DECKER, 6th FEBS Meeting, Madrid 1969, Abstracts Vol. p. 146) are explored. It contains all lifelike systems as a subclass and is equivalent to the class of thermodynamical open systems which, simultaneously, are "systems" as defined in kybernetics: consisting of "elements" (steady states) and "relations" (transitions between such). Generalizations of the concepts of "species" (as steady states), "mutation" (as transition between steady states) and "evolution by mutation and selection of the fittest" are defined in this class, making those concepts independent of nucleic acids, proteins, macromolecules and linear matrices which may be special features of terrestrial life or advanced systems only. This is derived on the example of the kinetics of a chemical bioid, where two autocatalysts compete for one substrate. The autocatalytic condensation of formaldehyde into monosaccharides was investigated in a flow reactor as an example of a chemical bioid. The transition of the nonreacting into a reacting state was seen in the kinetics; further transitions in the very complex reaction seemed to follow without lag time the changes in the reaction conditions; the elucidation of supposed additional states requires further differentiation of the complex reaction products. The consumption of formaldehyde could be followed down to very high dilutions, to 20 °C and to a formaldehyde supply of 1 g per day per litre. The results allow, by extrapolation, the conclusion that a formaldehyde bioid presumably could subsist in a reacting state under prebiological conditions in 10 cm deep water on a photochemical formaldehyde supply of 10 -100 mg per day per qm from a methane atmosphere. Such a system would act as an information source providing a steady supply of complex carbon compounds from a precursor.
A definition of the term "life" describing by common properties terrestrial "nucleoprotic" bios as an element of a supposed class of cosmic phenomena must remain circular as long as only the properties of terrestrial life are known 1 . A set of properties which i) all "living" things necessarily must have and ii) are sufficient to exclude all "nonliving" systems, evidently cannot be specified at the present state of knowledge. All we can do is to specify some properties which beyond all doubt appear necessary in every imaginable living or lifelike system. By this to accumulate negentropy and to evolve into dissipative structures 8 . Beyond those general properties of open systems, lifelike systems exhibit the property of "evolution" in a more special sense: a "historical" course of transfer and accumulation of information by a mechanism of "mutations" transforming one species into a mutant one and by selection of the fittest 9 -17 . This leads to a progressive selforganization. The general property of selforganization can be described in terms of the general systems theory of kybernetics 10~13 . There, a "system" is defined as consisting of at least two elements and one relation 14 . Steady states in open systems may be considered as such elements conserving information over time 9 ' 23c , and a "mutation" from one steady state into another 2 can be understood as a relation. By logical conjunction of those two basic terms of "open systems" and "systems" as defined in kybernetics we obtain the concept of "kybernetics of open systems" which deals with a class of systems defined as "open systems which can exist in several steady states". According to common use in scientific nomenclature the abbreviation "bioids" has been proposed for this class 2 ' 15 .
Using this concept, generalized physical interpretations of biological terms like "species", "mutation" and "evolution by mutation and selection", of the acquisition, transfer and accumulation of information 2 ' 16 , and of the spontaneous origin and conservation of molecular asymmetry** in rather simple bioids have been derived. This interpretation is independent of special entities as enzymes, proteins, nucleic acids and linear matrices.
Further steps toward advanced more lifelike bioids include integration of different bioids into more efficient compound systems, individuation 16 and evolution of cooperative linear matrix mechanisms. Mechanisms providing a standardization of information handling may increase drastically the multiplicity and stability of available steady ("mutant") states 16 > 17 .
As living systems are chemical systems, our main interest is in chemical bioids. A chemical feedback ("autocatalysis") seems a necessary condition for a chemical open system to exist in several steady states 2 ' 18 . The deciding role of autocatalysis and "reflexive" 19 catalysis in the origin of life as opposed to simple abiogenic synthesis, although not ignored by earlier authors 2 ' 9 ' 20-22 , was explicitely emphasized by CALVIN 23 ' 24 . Several feedback systems possibly relevant in chemical evolution were discussed by him 24 . ALLEN was the first to search for "chemical mutations" in a purely synthetic system 25 . Using components extracted from living cells MILLS, PETERSON, and SPIEGELMAN set up the first semisynthetic bioid system 26 which, by mutation and selection, performed true Darvinian evolutionary steps leading to adaptations to special environments. As an example of a fully synthetic bioid the present report describes properties of the autocatalytic condensation of formaldehyde (ACF) into monosaccharides in a flow reactor, and its possible role in the origin of life.
Theory
Mutation and "evolution" in boids are explained in a simple chemical example (cf. 18 ' 25 ) (Table I) , which formally is related to models of ecological systems discussed by LOTKA 27 and BERTALANFFY 28 : Let i) a substrate A be steadily supplied at rate S by some reaction, say by solar radiation from a unlimited pool under prebiological conditions, ii), A undergo two different reactions giving directly, or by intermediates, the autocatalytic products resp. P.2, iii) A, P1 and P2 decay by unspecified first order reactions into some end products.
Such a system may run in three different steady states, depending on its "past" and on environmetal conditions as specified in 
{k3/k2 < S/ki) and Pi present and {k$jki > k3/k2) or no P2 present Such prebiological kinetics are simulated by running appropriate autocatalytic reactions in a flow reactor (Table 3, 4) . The steady substrate supply S is simulated by inflow, the decay of substrate and products is simulated by overflow. Other bioid kinetics provinding different kinds of kybernetic behaviour will be discussed elsewhere **.
Materials and Methods
A 25 ml beaker was used as reactor. It was equipped with a magnetic stirring bar and with a rubber stopper with glass tubings for inflow and overflow. The reactor was mounted by a larger rubber stopper within a widemouthed flask connected with a circulating thermostat. Two streams of feed, one containing formaldehyde and calcium chloride or calcium acetate, and the other sodium hydroxide, were supplied using a peristaltic pump. Alternative and supplementary reactants were added to one of the solutions as required. If necessary, precipitation at high Ca 2 ®-concentrations was prevented by addition of ethylene glycol; the overflow half-time (ca. 10 min) was controlled by the feed rate; the reactant concentrations were changed stepwise or altered continuously using a linear gradient device. An aliquot of the overflow was obtained and diluted continuously using peristaltic pumps. The diluted solution was mixed with a 1% solution of chronotropic acid in conc. HoS04 and pumped through a heating coil for 15 min. at 95 °C. Optical density was recorded continuously at 578 nm using a Vitatron photometer equipped with 1 mm flow-through cell and a Vitatron LinLog recorder. Over longer reaction times in more diluted solutions the reaction was conducted in 50 -1000 ml stirred erlenmeyer flasks with inflow and overflow leads, mounted within a constant temperature bath, and fed using a multichannel peristaltic pump (Desaga) ; formaldehyde was assayed here at intervals by taking samples from the overflow. The apparent reaction constant k2 , and the simulated decay rates kt -k3 were calculated using the relations given in table 4.
Results

Kinetic behaviour
The "mutation 1 ' from the extinct state to the reacting one occured spontanously or after inoculation with a reacted mixture. This was recorded as a sudden change of the stationary formaldehyde concentration, A = A0, into a new, lower, constant. 
Dependence of k2 on conditions
In 0.19 M NaOH and 0.09 M CaCl,, k2 decreased from a value of 0.23 at 51 °C to 0.02 at 36.5 °C, corresponding to an increase of the reaction halftime, In 2/k2 (min, with 1 mg formaldehyde/ml), from 3 min to 35 minutes. The latter value ap- proaches the limit, set the substrate supply used. z\v = 0.077, corresponding to a overflow half-time of ca. 9 minutes. An activation energy of 30.7 kcal was calculated using an Arrhenius plot of k2 between 51 and 36.5 c C. At 50 °C the reacting state died out with less than 0.025 M NaOH and 0.009 M CaCl2 at a formaldehyde supply of 0.37 mg/ml. At lower overflow rates (Fig. 2 ) the system remains reacting to at least 21 °C with less NaOH and Ca 2 ®. At all conditions the formaldehyde consumption followed a typical S-shaped course 29 , compatible with simple autocatalytic kinetics and almost linear in a log(A/A0 -A) versus time plot 30 . The dependence of the apparent reaction constant k2 on substrate supply (Fig. 1) revealed, however, a more complex situation. This could be expected from the multiplicity of monosaccharides formed. Evidently, additional substrate and/or autocatalysts are consumed by side reactions as substrate concentration increases.
Kinetic interactions with foreign products
Most compounds screened for an effect on reaction kinetics exhibited a quenching effect, if any. 0.005 M nitrophenol quenched the reaction by more than one half. Sodium cyanide and sodium sulfide could, at least partially, replace sodium hydroxide in the reaction. Sulphur and nitrogen compounds, respectively, have been detected in the reaction products by thin layer chromatography. A more detailed chemical study is required for the elucidation of those products.
Discussion
Mutation and adaptation lo
Many authors have attempted to detect the "true" autocatalyst in the AFC. Depending on conditions, however, different feedback reactions may take the leading role 29 ' 31-33 , providing the possibility of bioid mutations. Although only the trivial mutation from the extinct state into the reacting state was observed in the kinetics of the reaction, this does not exclude the existence of other chemical mutations: A bioid mutation into a new steady state which is more efficient under a given set of environmental conditions begins as soon as the more efficient autocatalyst arises in the system; if its initial concentration is very low, the mutation will occur after a lag time, following the change of environments favorable to it; if, however, enough of the better autocatalyst is already present in the reaction mixture as a side product, the selection of the mutation will proceed almost simultaneously with the change in environments, resembling a prompt "adaptation". As this may be the case for the different monosaccharides in the AFC-bioid, a detailed study of the monosaccharides by gas chromatography was initiated.
Reactivity under prebiological conditions
As k2 increases with decreasing substrate concentrations an extrapolation to lower feed and decay rates appeared a relatively safe procedure. Fig. 2 shows that a formaldehyde bioid could probably have subsisted in the reacting state, provided we assume that the decay rates kx and ks corresponded to a half-time of approximately 10 to 100 clays and that formaldehyde was supplied, say by photooxidation from a moist methane atmosphere, at a rate of 10 to 100mg/day into shallow water. Supplementary factors, such as catalysis by clay minerals 34 ' 35 and interaction with other reactions might have allowed its viability even at a lower pH than we had to use in our experiments.
Possible prebiological role of formaldehyde
In 1942 LANGENBECK compared the AFC with the replication of a virus 29 . The presence of biologically occuring sugars among its products provoked the question of its possible prebiological role 32 ' 34 ' 35 ; the striking similarity of enzymatic and nonenzymatic sugar degradation led to the speculation of w hether metabolism or enzymes were first 36 . Amino acids were reported to form from formaldehyde and nitrates by solar radiation 37 and by the heating of a mixture of formaldehyde and ammonia 38 . AFC may play a role in this reaction. Amino acids and/or other ninhydrin reacting substances have been detected in the products of AFC, when NH3 was added during the reaction 30 .
Methane presumably was the prevalent component in the primeval atmosphere. The partial pressure of COo has always been buffered by its reactivity with minerals and should never have much exceeded its present value 39 . Furthermore, in a reducing atmosphere, C02 is an energy rich compound 40 ' 41 ; indeed, in the presence of H2 its equilibrium concentration is so low that even calcium carbonate would dissolve 41 . A photochemical production of formaldehyde and hydrogen from methane and water, a kind of prebiological "inverse assimilation" 40 The labelling of Methyl 7,ll-dichloro-3,7,ll-trimethyl-2-dodecenoate and Methyl 10,11-epoxy-3,7,ll-trimethyl-2-cis/£ra/is-dodecenoate with tritium by methylation of the acids with diazomethane in the presence of carrier-free tritium water and the hydrogenation of 10,ll-Epoxy-6,7-cis-2,3-fraras/ c£s-farnesyl propynyl ether with titrium gas gave high spec, radioactivities (3.7; 0.49 and 25 Ci/ mMol).
The strong binding of these hormones to the haemolymph proteins of white newly moulted and of colored larvae was demonstrated by gelfiltration with sephadex G-25.
The disc-electrophoretic identification of the carrier proteins in the haemolymph of colored larvae showed that the hormones are approximately total bound by the hormone binding factor of a lipoprotein band.
In the haemolymph of white newly moulted larvae there is a second hormone binding band beside the lipoprotein band with similar binding capacity. 
